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(54)TiUe: STENT CONTAINING COPPER 
(57) AlKtract 

The present invention iclates to intravasculaii stenif, jstcntt assemblies, methods of manufacturing iniiavascular stents and uses diereof. 
The intravascular stems of the present invention CQr(VDrise copper which leads to tiic generation of sufGcieni nitric oxide in vivo to substantially 
prevent platelet activatioa. 
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STENTjCONTMNING COPPER 



The present invention reMes to intravascailar stents, stent assemblies, methods of 
manufacturing intravascular stents and iiises thereof. 



Intravascular stents arie increasfagly being used to maintain patency and to prevent 
restenosis of blood vessels i occlideci by, for example, atheromatoxis arterial disease. 
Restenosis is the closure of a blood vessel, particularly an artery, following trauma to the 
vessel caused by efforts to open ap occluded portion of a vessel, by for example, dilation, 
10 ablation, atherectomy or laser treaamedt A particular use of stents is to prevent restenosis 
in the coronary circulation followpg transcutaneous balloon angioplasty. Stents may also 
be used to rq)air aneurysms. 

In order to prevent restencsis, ^ stCTtt is inserted into the relevant vessel, generally 
15 by a catheter, and expanded so th^ th^ stent makes contact with the walls of the affected 
vessel 

However, a problem with me use of conventional stents is their propensity to cause 
local blood coagulation and thrombosis formation leading to subsequent occlusion of the 
20 stented vessel. 

Cmrenlly, in order to overcoirie this problem, patients receiving stents are given 
systemic therapy using anticoagulants such as heparin and warfarin, and antiplatelet agents 
such as aspirin. However, the use of systemic therapy in combination with stents can lead 
25 to bleeding complications, which may on occasion be severe (see Wong and Leon, (1995), 
Current Opinions in Cardiology, llQ, pji 404-41 1). 



It has also been proposed in the prior art that stents are seeded with endothelial 
cells (see Dichek et al., (1989), Circulation, 8fi, pp 1347-1353). Dichek et al, describe the 
30 seeding of endothelial cells onto s\ ainl&s steel stents until the stents are jRiUy covered. The 
cells on the stents are then able to ie djelivCTed to the vascular wall where they can provide 
therapeutic proteins. Other methods fbr providing therapeutic substances to vascular walls 



by means of stents have also been 



prop sed in, for example, pubUshed Intematioiial Patent 
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Applications WO 91/12779 and 
antiplatelet agents, anticoagulant 
other drugs could be supplied in 



wO 90/13332. In these applications it is suggested that 
agents, antimicrobial agents, antimetabolic agents and 
stents to reduce the incidence of restenosis. 



5 . In EP-A-0 566 245, a stent 

the incidence of restenosis at the 
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Other stents are described [elsewhere 
EP-0 627 226, stents are describee 
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is described comprising fibrin which is said to reduce 
of vasodar injury. 



site 



In EP-A-0 623 354, a stebt is described which has a polymer formed thereon in 
which a therapeutic substance is dispersed. 



with other various coatings. For example, in 
coated with biocompatible polymeric material. 



However, none of flie prior art stents eflBdently prevent restenosis occurring 
15 following vascular injury, such a|!thati folic wiag transcutaneous baDoon angioplasty, and 
the prior art stents generally require the: need for the use of systemic drugs in order to avoid 
local blood coagulation and throiubosis formation leading to subsequent occlusion. There 
remains therefore a need for imprlyed stents capable of resisting and preventing restenosis. 



20 According to the preserif invention there is provided an intravascular stent 

comprising copper. 

The present invention ov^conies a number of problems associated with prior art 
stents and provides an efficient method to prevent the re-occlusion of stented vessels and 
25 eliminates or reduces the need for the uke of systemic anticoagulant and antiplatelet agents. 



It is believed that the 
increased levels of nitric oxide in 



pijesenge of copper on the sur&ce of the stent leads to 
he vicinity of the stent. 



30 Nitric oxide is normally 

and is thought to be important izi 
oxide is also generated by 
which have been detected ciici 



generated by endothelial cells which line all blood vessels 
preventing platelet activation in healthy vessels. Nitric 
nitrosbthioi compounds such as S-nitrosoglutathione (GSNO) 
iflating in the bloodstream. For GSNO to breakdown 
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chemically and foim nitric oxide, 
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it has been reported that copper (I) ions must be present 



(see Gordge et al,, (1995),;Briti5fi Journal of Pharmacology, 114, pp 1083-1089). It is 
believed that copper (1) whs are ptresent in trace amounts in the circulation and 
intravascular tissue leading tq^thc Snnate generation of nitric oxide. 



Without prejudice to '^i 
stent, when exposed to an aqueous 
on its surface which enhanci 
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brmation of nitric oxide from nitrosothiol compounds in 
the vicinity of the stent, there&y pi eventiiig or reducing platelet activation. 

Preferably, the stent |>f me present invention comprises copper on an exposed 
surface. 



Any design of stent H 



present invention are describc|i in 
The stent can be made of 



e jfeesccit invention it is believed that copper present in- the 
solution such as blood plasma, produces copper (I) ions 



be used in the present invention, including the self- 



IS expanding type or the ballodn-expiandible type. Examples of stent designs useful in the 



US-A-4 733 665, US-A-4 800 882 and XJS-A-4 886 062. 
any material provided the material is biocompatible and 



has physical properties suitabile fo r^its function. The stent may be made from metal such as 
stainless steel or titanium, |bio!t|able: polymers such as polyurethanes, silicones and 
20 polyesters, or bioabsorbable|pol;mer^ such as poly(ethylene terephthalate), polyacetal, 
poly(lactic acid), poIy(etivlere cpdde)/poly(butylene terephthalate) copolymers. 
Preferably, the stent is fonnel froni stainless steeL 



sea 



The term "copper" isj 
25 copper containing chelate o| proteinj 
comprising copper (such as! 
solution is capable of forming 
comprises metallic copper on|| 



to describe metallic copper or any compound (such as 
in, ■ e.g. copper, zinc superoxide dismutase) or alloy 
ct^pper-steel alloy) which when exposed to an aqueous 
cof per (I) ions. Preferably, the stent of the present invention 
exposed surface. 



30 The term "an expo$^ sur£ice' 

■ I 

which when inserted into t^ hu)ien 
aqueous fluid such as blood pltasma. 



' is used herein to describe a surface of the stent 
of a vessel and expanded, is in contact with an 
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^a.cyi>fclotfonMtiono|tlie 



■I ^ . MiA^w he useful in reducing restenosis of 

a„ disease, vessel .nd 4.4= ft'-^^^-""^^'"' ^ 
aniiplatelet agents. ;| 
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asacopper-stedaUoy). Alt|mi«vely,fl»«OT«i»j r ^ 

copper may be 

^,o*es».ora|cUsoa«»s«^J ^^^^^^^ 

cr«^s.e.,«f^.i-k.i»-^^-"™'°^°^''- 



,„tai,„=, SU.1. Pl»*"e '^i?T*f'^~l,^^ ,^™es wen taovm » those 

nnolied wane electioplatuig lecwuH" 
20 metaUic copper coatmg is ^ ^ Electroplating Handbook, 

sidUed in the ait. Such teQ|niq|s are described m Fr 

;jsjV.Parthasara<Diy,1989. i 

■ x..a^-44"^°'n:-'^-^ 

^ ^ ft. iW^^ 
part of totemal sorSce oihe sienl. 
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In a particular preferrjid e;iibodiment, the stent of the present invention is made 
from stainless steel and at legk a part of the exposed surfece has a copper coating formed 



thereon. 



In a preferred embodiment ; the stent of the present invention comprises sufficient 
copper on an exposed surface |o lead to the generation of sufficient nitric oxide in vivo, to 
substantially prevent platelet activation in the regions adjacent the stent 

Hi \ 

In a further preferrefl;:; embodiment, the stent of the present invention further 



1 0 comprises a therapeutic substknce. 
WO 91/12779 and WO 90/lil32, 



comprises a solvent, a polyiner 
dispersed in the solvent. \ |- 



20 



Preferred ther^eutic substances are described in 

^md inclxzde antiplatelet agents, anticoagulant reagents. 



antimicrobial agents and antiih^tab die agents. 

jl : 

Tlierapeutic substanc^|ma]^:be incorporated into the stent of the present invention 
15 using the methods described in EE4A-0 566 245, wherein said therapeutic substances are 
incorporated into the stent iniiSie form of microcapsules, or in EP-A-0 623 354, wherein 
therapeutic substances are iricorpbrated into the stent by applying a solution which 



iissolved in the solvent and a therapeutic substance 



In another preferred embodiment, the stent of the present invention may further 
comprise a biocompatible coating, ^hich may be present on either or both the internal or 
external stent surfaces. In particu; ir, the copper may be covered with a biocompatible 
coadng such as a membrane] ^hicli is porous to platelets and GSNO but reduces direct 
25 contact of copper with the arteaal % ^all, which may cause inflammation of the arterial wall. 
Suitable membrane material| include phosphoryl choline (Biocompatible Limited, 
Famham Surrey). Methods! j^for applying biocompatible coatings are described, for 
example, in EP^A-O 627 226. ; || 

30 In a further preferredj|em )pdiment, the stent of the present invention further 

comprises a nitrosothiol compound siuch as GSNO. 
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In a second aspect jof ths present invention there is provided a stent assembly 
comprising the stent of the presei t invention and a catheter. Preferably, the stent assembly 
additionally comprises a ballon. 

J yj 

ii . 

5 The stent assembly ijs;|used;to insert the assembly into the lumen of a vessel. When 

the stent is a balloon inflatal|[e s;ent the catheter has the balloon attached at a distal end, 
and the stent is mounted arp|nd he balloon. The stent is delivered to the desired site by 
the catheter using conventioinal percutknconeous techniques well known to those skilled in 
the art. The balloon is then :i||ed i p expand the stent so that it makes contact with the walls 
10 of the vessel, and the caihetq|and balloon are then withdrawn leaving the stent in place. 



In a third aspect of thg pre sent ;invention there is provided a method for makmg the 

stent of the present inventioiij-ix)n] f^rising attaching copper to an exposed sur&ce of a stent. 

•iiir. ; ; . 

The copper may be attachei(| usilg nlechanical techniques such as welding, stapling or 
15 gluing. Preferably, the coppief is attached to an ejcposed surface of a stent by electroplate 
techniques. Electroplate tecBniqiies are well known to those skilled in the art and such 
techniques are described in pfactical Electroplating Handbook, N.V. Parthasaradhy, 1989. 



A fourth aspect of ttib|pre^ent invention is the stent of flie present invention for use 
20 in therapy. HI 



25 



The present inventipji fiiither provides a method of preventing or reducing 
restenosis comprising the us^fbf a stent according to the present invention. 

J lit' i ; - 

It is particularly pryferrcd that the stent of the present invention is used in 
conjunction with a compositi|pn comprising a nitrosothiol compound such as GSNO. The 
composition may be in a fonn sui:able| for oral use, for; example a tablet, capside, aqueous 
or oily solutioui suspension ;|r emulsibn; for topical use, for example a cream, ointment, 
gel or aqueous or oily solutipn cr su^ension; for nasal xise, for example a snuf^ nasal 
30 spray or nasal drops; foT;|vagLnal ;or rectal use,, for example a suppository; for 
administration by inhalation; !|or ekan^le a finely divided powder or a liquid aerosol; for 
sub-lingual or buccal use, fc^iiexample a tablet or capsule; or for parenteral use (including 
intravenous, subcutaneous, infram^cular» intravascular or infusion), for example a sterile 
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aqueous or oDy solution or susperlsion, 



in a conventiODal maimer li^g 
kno^ to tliose skilled in t£ii& ar; 



comprising the nitrosothiol; |j[ 
compound in the body and ^£:tu^i 
of the stent, thereby preventing or 



la general the above compositions may be prepared 
pnvientional excipients, using standard techniques weD 
of p&aimacy, The administration of the composition 
will lead to a higher level of the nitrosothiol 
will lead to a higher level of nitric oxide in the vicinity 
reducing restenosis. 



jDoidpouhd 



Preferably, the com|ositaon 
administration. i || 
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In a fifth aspect of itifie f riesent invention there is provided a kit for use in the 
treatment of restenosis conq|risir g the stent of the present invention and a composition 
10 comprising a nitrosothiol coz)|pouiiid suitable for administration to a patient 



lis in a form suitable for oral or intravenous 



In a sixth aspect of ; tie present, invention there is provided a kit fer use in the 



treatment of restenosis comprp^sing 



the kent of the present invention and a catheter. 



Preferably, the kit adcii^tionklly pon^rises a balloon. 



20 



HI 



invention is the use of copper in the manufacture of 



A seventh aspect of Qie present-i 

■i| ; i ■ 

the stent of the present inveniibn fbr use m the treatment of restenosis. 



The present inventionils now d^cribed, by way of example only, with reference to 

i IT • ' 

the accornpanying Figures, in rWbieh: 



25 



Figure 1 shows the elfect 



ex-vivo platelet aggregation (|=p<fl.05). 



■Ml 



of copper metal and copper-containing alloys on nitric 



oxide generation from 10 jiMfijCSKO; 



Figure 2 shows the e^ct pf diJEferent surface areas of copper on nitric oxide (NO) 
30 release from lOjiM GSNO; aaijd 

Figure 3 shows the effect of thb combination of IjiM GSNO and copper metal on 
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Effect of Copper Metal abd 
Nitrosoglntathione 
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popper AUoys on Nitric Oxide formation from S- 



\ r-v 

11 



Nitric oxide (NO) 



nitrosogluthathione (GSNOJpo 
suffice areas of copper or doppa 



Stainless steel 



15 



generated by adding 200 ^L samples of lOfiM S- 
reaction flask containing distilled water and different 
alloys- The alloys used were Numetal™ (Goodfellow, 



Cambridge), containing 5%ii:copiier and nickel silver, containing 62% copper The NO 
generated was detected by ^ Sic vers IJJOA™ 280 analyzer using a chemiluminescence 
10 method. Results shown in jfigur ^ 1 suggest that the ability of the metal to generate NO 
from GSNO is related to the m^omt of copper present. 



jallo^f) from which most commercially available stents are 
afnificant amounts of NO from GSNO (data not shown). 



manufactuied does not geneii^e si 



Figure 2 shows that'by increasing the surface area of copper, the rate of NO 



production is increased, up to 



a maximum level. 
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Effect of Metallic Copper <m^ Flatlet Aggregation with S-Nitrosoglutathione 



In this experiment, ydaous 
who were not on drug theragy. 



DmM trisodium citrate. 



aggregation, the addition of c^ppe ' 



Manufacture of a Copper Gj^ate^ Steat 



30 



A stainless steel 



blood was collected from fourteen healthy volunteers 
Venous blood samples were added to tubes containing 
rich plasma was prepared by centiifugation at 150g for 



PMelet : 

■ 

12 minutes at 25°C. CoU^eajmduced platelet aggregation was measured in 0.5ml 
25 aliqnots following addition oi|l jin liGSNO and/or copper metal (added as wire with suriace 
area 2 mm^). Whereas thjs^; coi centration of GSNO alone had no effect on platelet 



caused an impairment of aggregation. See Figure 3. 



cpcpandiable stent was electroplated with copper over its 



entire surface using the cyaijjde Bath method. The cyanide bath mettiod is described in 
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Practical Electroplating Handfcool :^ N.V; Parthasaradhy, 1989. However, any conventional 
meHiod for copper plating stainless; 



steel may be used. 



The copper coated stdfit may be lised in standard intravascular stent treatments. 
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Claims 



An intravascular ste]dt|coniprising copper 



5 2. A stent according to ciaim 



contacts the walls of a vesselfand 
wherein the copper is on at I^|st a 



10 



5. A stent according to c^aim 



15 6. A stent according to cifaim 
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1 conq)rising copper on an exposed surfece. 



3, A stent according tdfclaina 1 ior 2 which has. an external surface which in use 



an internal surface which defines the hunen of the stent, 
part of the internal surface of the stent. 



4. A stent according to any one of claims 1 to 3 ha:ving a coating of copper. 



4, wherein the copper coating is 0.01 to 100 [im thick. 



4 or:5, wherein the stent is made firom stainless steel and 



at least part of the e)cposed siet|fac(i has a copper coating, 



7. A stent according to |Sny preceding claim wherein the copper is present as copper 
metal \^ 



20 



8. A stent according to^lny 
copper alloy. j| 



9. A stent according to- any one of claims 1 to 6 wherein the copper is present as a 
25 copper-containing protein- i | 



30 



: rv. 



11, A stent according tql^any 
comprises a biocompatible c6|ting. 



one of claims 1 io 6 wherein the copper is present as a 



10. A stent according to iany < ne of the preceding clainos, wherein the stent comprises 
sufBcient copper to lead to tlic? ge leration of sufEcient nitric oxide in vivo to substantially 
prevent platelet activation in i^e regions adjacent the stent 



one of the preceding claims wherein the stent further 
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13. A Stent according to elkim 
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12, A stent according id any pne of the preceding claims further comprising a 

: j** 

therapeutic substance. 



12, wherein the therapeutic substance is an anticoagulant 



5 agent, an antiplatelet agent, an' antimetabolic agent or an antimetabolic agent. 



14. A stent according ^o[; any one of fee preceding claims further comprising a 
nitrosothiol compound. : ] 

10 15. A stent assembly conjigrisL ig the stent according to any one of fhe preceding claims 
and a catheter. i 

16. A stent assembly aooojiding tci claim 1 5 which additionally comprises a balloon. 



15 17. A method for making jlhc stent according to any one of claims 1 to 14, comprising 
attaching copper to an exposed sur&ce of a stent 



18. A method according to claim 17 wherein copper metal is attached to the exposed 
surface of a stent by electropiajing 



20 



1 9. A stent according to an^ or e of claims 1 to 14 for use in Qierapy. 

20. A kit for use in the trciatment of restenosis comprising the stent of any one of claims 
1 to 14 and a composition comprising a nitrosothiol compound suitable for administration 

25 to a patient ; f: 



wherein the composition comprising a nitrosothiol 



21. A kit according to cima jZO 
compound is suitable for oraIi($r intravenous administration. 



30 22. A kit for use in the treatment of restenosis comprising a stent assembly according to 
claim IS or 16. i 



GTOia 
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23. The use of copper initiie maiiufacture of a stent according to any one of claims 1 to 
1 4 for use in the treatment of restenosis. • 
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